As a novel neuroimaging technology, transcranial sonography (TCS) of PD patients reveals characteristic substantia nigra (SN) hyperechogenicity, which may be related to iron accumulation and functional impairment of nigrostriatal pathways. [5, 6] TCS has primarily been used to analyze motor symptoms in PD patients. [7, 8] Nevertheless, the limited cognitive assessment available from PD patients with TCS data demonstrated that the width of the third ventricle (TV) in PDD patients was larger than in PD patients. [9] [10] [11] [12] However, these data have not been validated in the Chinese population. This study analyzed the characteristics of TCS in PDD and PD patients and assessed the correlation between TCS features and clinical symptoms in Chinese patients.
methods

Ethical approval
This study was approved by the Ethics Committee of The Second Affiliated Hospital of Soochow University and oral informed consent was obtained from all patients.
Participants
Sixty PDD patients, sixty PD patients, and forty neurologically normal controls at The Second Affiliated Hospital of Soochow University, between February 2015 and December 2016, were enrolled in this study. All PD patients fulfilled the criteria of the UK Parkinson's Disease Society Brain Bank. [13] The diagnosis of PDD was based on clinical diagnostic criteria for dementia associated with PD. [14] To assess motor symptoms and disease severity, the UPDRS-III score and H-Y stage were determined for all patients during the "off" stage. Cognitive function of all patients was evaluated by a full neuropsychological examination, which included a Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA, Beijing version). Nonmotor symptoms were assessed by the Nonmotor Symptoms Questionnaire (NMSQ).
Exclusion criteria included: (1) atypical and secondary parkinsonism (i.e., multiple system atrophy, progressive supranuclear palsy, and brain injury), (2) dementia with Lewy bodies, Alzheimer's disease, major depression/anxiety, and other neuropsychiatric disorders, (3) reversible contributions to cognitive decline such as Vitamin B12 deficiency or thyroid disorders, (4) patients with insufficient temporal bone window.
Transcranial sonography
To ensure the reproducibility and reliability of measurements, TCS was performed by two sonologists with more than 5 years of experience. TCS data were acquired through the temporal acoustic window using an ultrasound system with a 2.5-MHz phased-array transducer (Sequoia 512, Siemens Medical Solutions Inc., Malvern, PA 19355, USA), a dynamic range of 45-55 dB, and penetration depth of 14-16 cm. The brightness and time gain compensation were adapted as needed.
The SN was scanned through the bilateral bone window in the axial plane. The SN hyperechoic sizes were encircled manually and measured automatically. Unilateral hyperechoic sizes of ≥0.20 cm 2 were classified as SN hyperechogenicity (SN+) and the maximum SN+ size was defined as the greater value across bilateral SN regions. [10, 15, 16] SN echogenicity is shown in Figure 1 . The width of the TV [ Figure 2 ] was calculated by measuring the distance between the inner boundaries of both hyperechoic lines of ependyma at the thalamus level. [17] A TV width >7/10 mm in patients under/over 60 years old was regarded as an enlarged ventricle. [18] To exclude bias, TV values were independently calculated by a second sonologist who was blinded to the patient diagnosis. Patients with disagreement in the evaluation of TCS images by the two sonologists were excluded from the study.
Statistical analysis
Data were analyzed using SPSS 19.0 (IBM Corp., Chicago, IL, USA). The data were presented as mean ± standard deviation (SD) when parameters were normally distributed and as median (Q1, Q3) when parameters were not normally distributed. Differences of age, MMSE score, MoCA score, SN+ maximum size, and TV width in PDD group, PD group, and controls were analyzed by one-way analysis of variance or Kruskal-Wallis H-test as appropriate, and comparisons of data between any two groups were made by the least significant difference test or Mann-Whitney U-test. Student's t-test and Mann-Whitney U-test were used to compare duration, UPDRS-III score, H-Y stage, NMSQ score between PDD and PD groups, and were also used to compare age, duration, UPDRS-III score, H-Y stage, and MMSE score between PDD with and without SN+. The categorical values (sex, dominant motor symptom, the ratio of SN+, and enlarged TV) were analyzed by Chi-square test or Fisher's exact test. The receiver-operating characteristic (ROC) curve was used to analyze the cutoff value of the width of TV between PDD and PD groups and between PDD group and controls. A P < 0.05 was used as the criterion for statistical significance.
resuLts
Clinical characteristics
Fifteen participants (12.5%, 15/120, 9 PDD and 6 PD) were excluded from this study due to insufficient temporal bone window and seven additional participants (5.8%, 7/120, 5 PDD and 2 PD) were excluded due to disagreements in the evaluation of images by the two sonologists. A total of 46 b a PDD patients, 52 PD patients, and 40 controls were included in the final statistical analysis. Demographic and clinical characteristics of the study participants are summarized in Table 1 . There were no significant differences among the three groups for age or sex. The MMSE and MoCA scores were lower in the PDD group than in the PD and control groups (P < 0.001), whereas the MMSE and MoCA scores did not differ significantly between PD group and controls (P = 0.087 and P = 0.389, respectively). Except for the MMSE and MoCA scores, the clinical characteristics of the patients with PDD and PD showed no significant differences.
The echogenicity of substantia nigra and width of third ventricle
The SN+ was detected in 82.6% (38/46) of PDD patients, 71.2% (37/52) of PD patients, and 12.5% (5/40) of controls ( χ 2 = 49.114, P < 0.001). SN+ was more frequently detected in PDD patients (82.6% vs. 12.5%, respectively, χ 2 = 42.065, P < 0.001) and PD patients (71.2% vs. 12.5%, respectively, χ 2 = 31.349, P < 0.001), compared with controls, and no significant difference in SN+ was detected between PDD and PD patients (82.6% vs. 71.3%, respectively, χ 2 = 1.783, P = 0.182). Among these patients with SN+, the maximum SN hyperechoic sizes were 0.4 ± 0.1 cm 2 in PDD group, 0.4 ± 0.1 cm 2 in PD group, and 0.3 ± 0.1 cm 2 in controls (F = 1.997, P = 0.143).
The TV widths in PDD, PD, and control groups were 7.1 ± 1.9 mm, 6.0 ± 2.0 mm, and 5.9 ± 1.5 mm, respectively (F = 5.732, P = 0.004). The TV was significantly wider in PDD group than in PD group (t = 2.945, P = 0.004) and controls (t = 2.913, P = 0.004), but there was no significant difference between PD group and controls (t = 0.159, P = 0.874). The proportion of enlarged TV was 21.7% (10/46) in PDD group, 7.7% (4/52) in PD group, and 7.5% (3/40) in controls, which were not significantly different ( χ 2 = 5.670, P = 0.059) among three groups. Based on the ROC curve, a TV width cutoff of 6.8 mm was relatively highly sensitive (69.6%, 69.6%) and specificity (61.5%, 67.5%) for discriminating between PDD and PD groups and between PDD group and controls (P = 0.030 and P = 0.003, respectively).
Correlation between substantia nigra and clinical symptoms in Parkinson's disease dementia patients
Forty-six cases of PDD patients were then divided into normal SN echogenicity (SN−) and SN+ subgroups [ Table 2 ]. PDD patients with SN+ showed significantly higher H-Y stage and NMSQ scores compared with PDD patients with SN− (P < 0.05). No significant differences in SN+ subgroup were observed in tremor-dominant type (50.0% vs. 100.0%, respectively, P = 0.054) and akinetic-rigid type (92.9% vs. 100.0%, respectively, P = 1.000) compared with mixed type. SN+ was more frequently observed in akinetic-rigid type compared with tremor-dominant type (92.9% vs. 50.0%, respectively, P = 0.005), and in SN+, UPDRS-III scores in akinetic-rigid type were higher than those of tremor-dominant type (26.9 ± 9.5 vs. 17.8 ± 4.2, respectively, t = 2.265, P = 0.031).
dIscussIon
This study demonstrates a higher prevalence of SN+ in PD patients compared with controls, which is consistent with previous studies using TCS. [6, 8] The exact reason for SN+ in PD-related disorders is still unknown. However, SN+ may reflect the alteration of dopaminergic cells and could be related to increased iron content in the SN. [11, 19] Previous research has suggested that SN+ remained stable throughout the course of the disease and was not correlated with age, motor severity, or disease stages. [20, 21] In contrast, other studies found positive associations between age at onset, disease severity, different motor symptoms, and SN+. [11, 21] Currently, there is no consensus in the field regarding SN+ progression in PD.
Previous reports found that elderly individuals with SN+ performed worse in neuropsychological tests than individuals with normal SN echogenicity. [22, 23] In contrast, we found no significant differences in the ratios or maximum sizes of SN+ in PD patients with or without dementia, suggesting that the SN plays a less important role in cognitive function for PD patients. In support of this conclusion, cognitive function in PD has been shown to be associated with other neural networks, including the fronto-striatal and mesocortical dopamine networks. [9, 24] Our study demonstrated that the TV was significantly wider in PDD group than in PD group, which was consistent with previous studies. [9] [10] [11] [12] At the pathological level, dementia in PD is thought to be a consequence of Lewy body accumulation in the neocortical and limbic system. In addition, pathological changes normally associated with Alzheimer's disease, such as abnormal deposition of β-amyloid and neurofibrillary tangles, may also contribute to dementia in some PD patients. [25, 26] Accumulation of these abnormal proteins in PD patients could result in more widespread cortical and subcortical atrophy, leading to mild cognitive impairment. [24, 27, 28] Some hypothesized that abnormal enlargement of TV in PDD patients might be related to AD pathology. [7] Through the ROC curve analysis with a TV width cutoff of 6.8 mm, the TV size could be used to discriminate between PDD and PD groups or PDD group and controls. This finding suggests that TCS could be used as a simple, low-cost, and reproducible tool to detect changes in TV width. Moreover, TV widths as measured by TCS were consistent with computed tomography and magnetic resonance findings. [10, 12] Our results suggest that measurements of TV width by TCS could be used to identify atrophy in surrounding structures and may predict cognitive decline in PD patients.
In PDD patients, our data showed that the percentage of SN+ and the UPDRS-III scores in tremor-dominant type patients was lower than that in akinetic-rigid-type patients. Therefore, the increase in SN+ for different motor subtype patients could contribute to higher UPDRS-III scores. In addition, we found that H-Y stages and NMSQ scores in PDD patients with SN+ were higher than in patients with SN−. However, as advanced H-Y stages are accompanied by an increase in nonmotor symptoms, [29] we cannot determine whether the difference in NMSQ scores between PDD with and without SN+ was induced by differences in the H-Y stages or was a consequence of increased nonmotor symptoms in PDD patients with SN+. Additional studies will be needed to understand the relationships between H-Y stages, NMSQ scores, and SN+ in PDD patients.
Prior literature on TCS measurements of SN echogenicity in PDD patients is limited, especially for the Chinese population. This was the first study to analyze the clinical data of PDD patients with hyperechoic or normal SN in China. [7, 10, 11] Compared with previous reports, the disease duration reported here was relatively short, UPDRS-III scores were relatively low, and the majority of patients were in earlier stages of the disease. However, our results were similar to previous studies, suggesting that TCS measurements of TV widths and SN echogenicity could be an effective tool for distinguishing between PD and PDD patients, even at early stages of disease progression.
The main limitation of this study was the small sample size in PDD patients with SN-. In addition, about 12.5% (15/120) of patients could not receive TCS examination due to insufficient temporal bone window. Despite our small sample size, when the cutoff value for TV widths was set at 6.8 mm, the ROC curve could be used to discriminate between PDD and PD patients. However, the difference between groups was only around 1 mm, so further research with a larger sample size will be necessary to validate these results.
In conclusion, SN+ was more frequently detected in akinetic-rigid-type PDD patients, and PDD patients with SN+ showed higher H-Y stage and NMSQ scores. This study determined that PDD and PD could not be distinguished by TCS measurements of SN+ or maximum sizes of SN, but TCS measurement of the TV width may be a useful prognostic tool. 
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